. Daughter colonies were 100 m smaller than mother colonies. Colonies delayed 3.5-4.9 days to first division, compared with literature values of 4-5 days for P. globosa. This study provides the first experimental evidence for colony division of wild P. pouchetii.
Using well plates of Phaeocystis pouchetii colonies isolated from experimental mesocosms in western Norway, increases in colony size and division were documented. Median longest linear dimensions increased 0-7 m h
À1
; literature Phaeocystis globosa values are 0.9-4.7 m h
. Ten to twelve percent of colonies divided at rates of 0.21-0.28 divisions day
. Daughter colonies were 100 m smaller than mother colonies. Colonies delayed 3.5-4.9 days to first division, compared with literature values of 4-5 days for P. globosa. This study provides the first experimental evidence for colony division of wild P. pouchetii.
I N T R O D U C T I O N
The Phaeocystis genus contains species that occur in many habitats worldwide, including Phaeocystis pouchetii, which undergoes complex life cycle transitions involving solitary cells and colonial forms (Rousseau et al., 1994) . Colonies may grow by cell division or proliferate by colony division. Colony division into two smaller daughters has been observed in cultures (Kornmann, 1955; Rousseau et al., 1990; Cariou, 1991) and mesocosms (Verity et al., 1988) . As summarized in Rousseau et al. (Rousseau et al., 1994) , Kornmann (Kornmann, 1955) reported the regeneration of entire colonies from fragments. Observations from the Belgian coast in 1988 provided field evidence for colony division (Rousseau et al., 1994) . All of these observations were made using various strains of Phaeocystis, probably Phaeocystis globosa. Due to uncertainty in assigning cells or colonies to taxa before the mid 1990s, their taxonomic status cannot be known (Lange et al., 2002) .
Although colony division has been observed for Phaeocystis spp. (Kornmann, 1955; Verity et al., 1988; Rousseau et al., 1990; Cariou, 1991) , there has been few investigations of colony division processes. The present goal was to study individual P. pouchetii colonies isolated from mesocosm water samples during the late stages of a bloom. The condition of maturing or senescing colonies was described, and changes in colony morphology that might occur when flagellate cells are released were observed. No evidence was found for colony cell release during the 5-day incubations; however, morphological changes in cell clusters within colonies were observed, colony growth was measured and apparent colony division was observed.
Station (University of Bergen), 20 km south of Bergen, Norway (Nejstgaard et al., in press ). Three 11 m 3 polyethylene enclosures with 90% light transmission (PAR) and open to the air were secured to a floating raft and filled with fjord water; 16 mM nitrate and 1 mM phosphate were added to two of the three enclosures on day zero; and enclosure three contained only fjord water. The water column was kept homogeneous by an airlift pump; 10% of the enclosure volume was renewed daily and 10% of the initial nutrient amount was added daily in nutrient-supplemented enclosures to balance dilution with fjord water (Williams and Egge, 1998; Svensen et al., 2001) .
Phaeocystis pouchetii colonies were isolated from nutrientsupplemented mesocosm 3 (M3) water samples on March 22, 23 and 24. Covered plastic well plates with 24 wells (3.5 mL well
À1
; J. Nejstgaard, Bergen, personal communication) were used. An intended single colony was micropipetted into a well; occasionally, multiple colonies ($2-5) were transferred. For some of these latter wells, all but one of the colonies were removed. For the March 22 well plate, three different types of aqueous media were used. Row 1 contained 1 mL of 0.2 mm filtered L1 media (Guillard and Hargraves, 1993 Well plates were observed at semi-regular intervals for $5 days after the first plate was established. Details of the sample schedule and interval-specific and cumulative bright : dark ratios are summarized in Table I .
For each observation, colonies were counted, and general colony appearance was described. The longest visible linear dimension was measured for all colonies using a calibrated eyepiece graticule in a dissecting microscope at Â4 magnification, which corresponds to an overall magnification factor of Â40.
R E S U L T S A N D D I S C U S S I O N
Effect of well-plate media on colony size and growth rate For each time period or time interval, a Kruskal-Wallis one-way non-parametric test (Neave and Worthington, 1988) was used to detect significant differences in the focal response variable with respect to media type (see Method) used in rows 1 through 3 of the March 22 well plate. For colony size, no significant effects of media type were found. For colony growth rate, there was a significant difference (P < 0.05) only for the T3-T4 interval.
Colony size distributions
The distribution of colony sizes for the March 22 series ( Fig. 1) shows a gradual increase in the frequency of The time interval is based on the difference between adjacent sample start times.
large-size class colonies, with fewer colonies in the smaller size classes over the course of the observations. For the March 23 series (Fig. 2) , the general pattern of change over time for periods T1 through T3 is one of the gradual increases in the frequency of large-size class colonies and decrease in small-size class colonies, similar to the pattern described for the March 22 series. These large shifts in colony size distributions are consistent with the general growth in size that was observed for many of the colonies that were measured.
Changes in colony size
For both well-plate series, median colony size generally increased during the observation time (Fig. 3a) . The exception was the decrease in median size from T3 to T4 for the March 23 series, which may have been caused by colony division. The March 22 series did not show the same decrease in median colony size for its last sample interval, although there was a smaller increase in median colony size for this series during the T4-T5 interval compared with earlier time intervals. Colony growth rates were variable, but within similar ranges for the March 22 and 23 series (Fig. 3b ). Negative growth rates may be the result of errors in colony measurement because of colony-orientation differences. Median growth rates for the March 22 series range from 1 to 7 mm h À1 in longest dimension and were generally higher during the later time intervals (T3-T5). March 23 series growth rates range from zero to 7 mm h À1 . The trend in growth rates is exactly opposite that found for the March 22 series, with higher growth rates in the early time interval (T1-T2).
Changes in colony number
Ten to twelve percent of wells contained colonies that divided at least once (Table II) . For the March 22 series, no divisions occurred for the first three observations (Table III) , which account for 21.2 h of elapsed time. There were five divisions for T4 and 12 divisions for T5, which occurred after 57.8 and 116.9 h, respectively. For the March 23 series, all colony divisions were observed in T4 (Table III) , which occurred after 85.1 h.
Changes in colony number: colony division rate
By using the information in Tables I and III, some inferences regarding minimum colony division rate can be made. Minimum number of colony divisions was defined as the smallest number of colony divisions needed to account for an increase in colony number; additional undetected divisions may have occurred. Dividing the minimum number of colony divisions by the cumulative elapsed time computes colony division rate (Table III) Colonies that divided were typically smaller than those that did not. For the March 22 series, dividing colonies were 28% smaller than non-dividing colonies for T5; but for T4, dividing and non-dividing colonies were nearly the same size. The March 23 series showed smaller sizes for dividing versus non-dividing colonies, but the difference was smaller (15%) than the March 22 series T5 difference.
Colony size distributions before and after colony division were different (Fig. 4) . Wells with multiple colonies at the time interval before division were excluded from this comparison because mother colonies that divided to produce two (or more) daughter colonies could not be determined. Colonies over a wide range of sizes were capable of dividing (Fig. 4) . The frequency range for the daughter colonies (Fig. 4b) is wider than for mother colonies (Fig. 4a) . About 7% of the observations in Fig.  4b are in the 200-400 mm range; in Fig. 4a , no colonies are in that size range. Despite the continuing growth of all colonies, at least some of the daughter colonies produced remained smaller than mother colonies. A lower median size for post-division (691 mm) versus pre-division colonies (790 mm) provides additional evidence for decreased size of colonies as a result of division.
The change in colony size distributions appears to reflect two major processes: cell division and colony multiplication. Growth of existing colonies through division of colony cells and mucus production resulted in a general increase in the number of colonies in the larger size classes over time and the appearance of very large colonies not present in early time intervals; this phenomenon is universally appreciated (Lancelot and Rousseau, 1994; Rousseau et al., 1994; Peperzak et al., 2000) . The second process that may have caused changes in colony size distribution is colony multiplication. Evidence includes the appearance of small-or medium-sized colonies in later time periods after documented division events had occurred. The main trend in median colony size was an increase; however, in the case of the March 22 series, the increase in size slowed during the last time interval, and actually decreased during the last time interval for the March 23 series. This is consistent with the hypothesis that colony multiplication is associated with a decline in colony size.
Median growth rates range from near zero to 7 mm h À1 for both series. Changes in colony volume versus time (days) for P. globosa colonies in culture were reported by Cariou (Rousseau et al., 1994) . Volumetric data for P. globosa, converted to changes in diameter assuming a spherical colony, ranged from 0.9 to 4.7 mm h À1 . Therefore, the range of growth rates calculated for P. pouchetii colonies is similar to that of P. globosa.
Colony division in well plates was only observed after many hours had elapsed. This may indicate that colonies undergo a period of colony enlargement by cell division and mucus production before they divide to produce daughter colonies. A pattern of colony multiplication observed of for what was originally called P. pouchetii, but was later identified as P. globosa (Verity and Medlin, 2003) , is consistent with these observations (Verity et al., 1988) . Colony proliferation was described as a two-stage process with colony growth from cell division and mucus production followed by colony division (Verity et al., 1988) .
A median size difference of nearly 100 mm was observed between mother and daughter colonies. Data of Cariou indicated that when a large P. globosa colony divided to produce two daughter colonies, each daughter colony contained nearly the same number of cells; however, composite volume of the daughter colonies was only 40% that of the mother colony (Rousseau et al., 1994) . Colony volume was increasing up to the division, and volume decreased for a day after the division, then started to increase again (Rousseau et al., 1994) . This literature evidence of colony mucus loss following division is consistent with the size difference between mother and daughter colonies.
Well-plate colonies required an average of 3.5-4.9 days to complete one division. Culture data from Cariou indicated that P. globosa colony division occurred after 4-5 days (Rousseau et al., 1994) . Data from this article are consistent with the time-until-division data of Cariou (Rousseau et al., 1994) . Thus, colony blooms in both taxa incorporate three distinct processes: formation Blank or no data wells are those that either contained no colonies or for which data are missing. of new colonies from solitary cells, colony enlargement through colony cell division and mucus production and the multiplication of existing colonies through colony division.
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